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Natural Preventive Healthcare New Brunswick, NJ 0890
(908) 7
Fax (908)

June 3, 1997
RE C)8) \'\'/)El
Dr. Elizabeth A. Yetley, Director lr m
Office for Special Nutritionals, HFS-450 ;
Center for Food Safety and Applied Nutrition
Food and Drug Administration cAF5 e SRS 218

200 C Street, N.W.
Washington, D.C. 20204

Dear Dr. Yetley:

Notice is hereby given pursuant to the requirements of Section 403(r)(6)(21 U.S.C. 343
(t)(6)) of the Federal Food, Drug and Cosmetic Act of statements of nutritional support
which have been made on the label and in the labeling in connection with the marketing
of the dietary supplement GinsengOnce ™, 600 mg tablet. GinsengOnce ™, 600 mg tablet
was first marketed with these statements of nutritional support on May 3, 1997. The
statements of nutritional support are as follows:

Carton Label: Front

GinsengOnce™
Once-Per-Day Herbal Dietary Supplemerit

Only One Tablet Per Day
600 mg Ginseng Extract

Unique Dual-Release Tablet

One 300 mg Layer Releases Slowly Over Several Hours
One 300 mg Layer Releases Quickly

Provides Nutritional Support During Periods of Stress or Fatigue*

30 Day Supply
30 Bi-Layered Tablets, 600 mg Each
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D'r. Elizabeth A. Yetley, Director
Office of Special Nutritionals
Page 2, June 3, 1997

Carton Label: Back
Our Unique Dual-Release Tablet releases one 300 mg layer of ginseng extract quickly
for immediate support, and one 300 mg layer slowly over several hours for sustained

support throughout the day.

The purity and potency of GinsengOnce ™ has been verified by High Performance Liquid
Chromatography (HPLC).

Recommendations: Take one tablet daily at mealtime.

Ginseng has been traditionally used for its ability to increase the body’s resistance to
stress and fatigue.*

*THESE STATEMENTS HAVE NOT BEEN EVALUATED BY THE FOOD AND
DRUG ADMINISTRATION. THIS PRODUCT IS NOT INTENDED TO DIAGNOSE,
TREAT, CURE, OR PREVENT ANY DISEASE.

CAUTIONS: DO NOT USE IF YOU ARE PREGNANT, LACTATING OR HAVE
HIGH BLOOD PRESSURE AS WITH ANY SUPPLEMENT, CONSULT YOUR
HEALTHCARE PRACTITIONER BEFORE USING THIS PRODUCT.

KEEP OUT OF REACH OF CHILDREN
A Carton is attached.
Labeling:

Front Page: A High-Potency Ginseng Product
In a Convenient Once-Per-Day Dosage

Announcing GinsengOnce™

Features
o Once-Per-Day
¢ 60 mg Ginsenosides
e®Dual-Release Tablet

Unique Dual-Release Tablet
One 300 mg Layer Releases Slowly Over Several Hours
One 300 mg Layer Releases Quickly



Ijr. Elizabeth A. Yetley, Director
Office of Special Nutritionals
Page 3, June 3, 1997

Back Page: GinsengOnce™
Offers Convenience, Quality and Value

Convenience

L GinsengOnce™ provides 600 mg of standardized Panax ginseng extract in
a convenient Once-Per-Day dosage. The Unique Dual-Released Tablet
releases one 300 mg layer of ginseng extract quickly for immediate
support, and one 300 mg layer slowly over several hours.

Quality

® GinsengOnce™ contains Panax ginseng root extract standardized to 10%
ginsenosides.

° The purity and potency of GinsengOnce™ is laboratory verified by one
of the most accurate analytical methods available, High Performance
Liquid Chromatography (HPLC).

] Dissolution tests are conducted on GinsengOnce™ to ensure the product
dissolves according to its design. The results are verified by HPLC.

Value

. GinsengOnce™ is a better value than other leading brands.

GinsengOnce™ costs less than 60 cents a day at the Suggested Retail
Price of $17.95 per 30 Tablet Carton.



Dr. Elizabeth A. Yetley, Director
Office of Special Nutritionals
Page 4, June 3, 1997

Back Page: Side Panel
Product Features

oOnce-Per-Day

0600 mg Extract

eDual-Release Tablet

¢ 60 mg Ginsenosides

e aboratory Tested

o Costs Less than 60 Cents a Day

XetaPharm™

100 Jersey Avenue

Building B, Ste. 310

New Brunswick, NJ 08901-3279
Tel: (908) 249-0133

Fax: (908) 247-4090

A Labeling copy is aftached.

A typical High Performance Liquid Chromatogram of GinsengOnce™ is attached.

Very truly yours,
XetaPharm, Inc.

A subsidiary of

Xechem, International Inc.

Roomey

Ramesh Chandra Pandey, Ph.D.
President and CEO
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Our Unique Dual-Rel Tablet rel one
300 mg layer of ginseng extract quickly for

Supplement Facts
Serving Size; 1 Tablet

immediate support, and one 300 mg layer slowly Amount Per E
over several hours for sustained support Tablet £
throughout the day. P 1 Root Extract 600 mg* k
i . anax ginsen, 13
The purity and potency of GinsengOnce™ has Gir|gs1enos§es(10%) 50 mg- . o™
been verified by High Performance Liquid —— . E 5
Chromatography (HPLC). Daily Value Not Established e
. . Other Ingredients: Dicalcium Phosphate, o
Recopmendatlons. Take one tablet daily at Hydroxypropylmethylcellulose, Microcrystalline S
mealtime. Cellulose, Maltodextrin, Stearic Acid, Cottonseed =
=l Ginseng has been traditionally used for its ability ~ Oil, Silica, Magnesium Stearate, Croscarmellose
> 10 increase the body's resistance 1o stress and Sodium, Wheat Germ Powder, Pharmaceutical
fatigue.” Glaze and Riboflavin.
Distributed by:
*These stalements have not heen evaluated by the Food XetaPharm, Inc., New Brunswick, NJ 08201 USA
and Drug Administralion. This product is not intended o "
to diagnose, treat, cure, or prevent any disease. Free From: Artificial colors, preservatives, flavors,
- SOy, yeast, dairy products, animal or fish
CAUTIONS: DO NOT USE IF YOU ARE PREGNANT, derivatives.
LACTATING OR HAVE HIGH BLOOD PRESSURE. AS  Store in a cool, dry room; 53°-86°F (15°-30°C).
: WITH ANY SUPPLEMENT, CONSULT YOUR  gaop tablet is Individually safety-sealed for
' HEALTHCARE PRACTITIONER BEFORE USING THIS  your protection. Do not {Ase "tyu,e seal Is
PRODUCT. broken.
KEEP OUT OF REACH OF CHILDREN PROD#: P115  Lot# B
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A High-Potency Ginseng Product
In a Convenient Once-Per-Day Dosage.

“Unique
Dual-Release Tablet
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Product
Features

* Once-Per-Day
* 600 mg Extract
* Dual-Release
Tablet ,
* 60mg Ginsenosides
* Laboratory Tested
» Costs Less Than
60 Cents a Day

XETARHARM

100 Jersey Avenue

Building B, Ste. 310

New Brunswick, NJ 08901-3279
Tel: (908) 249-0133

Fax: (908) 247-4090

GinsengOnce-

Offers Convenience,
Quality and Value

Convenience

* GinsengOnce™ provides 600 mg of standardized Panax
ginseng extract in a convenient Once-Per-Day dosage. The
Unique Dual-Released Tablet releases one 300 mg layer of
ginseng exfract quickly for immediate support, and one 300 mg
layer slowly over several hours.

R
* GinsengOnce™ contains Panax ginseng root extrac. s
standardized to 10% ginsenosides.
* The purity and potency of GinsengOnce™ is laboratory verified
by one of the most accurate analytical methods available, High
Performance Liquid Chromatography (HPLC).
* Dissolution tests are conducted on GinsengOnce™ to ensure
the product dissolves according to its design. The results are
verified by HPLC.

* GinsengOnce™ is a better value than other leading brands.
GinsengOnce™ costs less than 60 cents a day at the Suggested
Retail Price of $17.95 per 30 Tablet Carton.

To place an order for GinsengOnce™, GarlicOnce™
and GinkgoOnce™, call customer service at:

1-800-858-5854
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Effects of Ginsenosides on Vasodilator Nerve Actions in the
Rat Perfused Mesentery are Mediated by Nitric Oxide

CHANG-FU PENG, YU-JIE LI, YUAN-JIAN L1 AND HAN-WU DENG

Depariment of Pharmacology, Hunan Medical University, Changsha, Hunan 410078, P.R. China

Abstract
This study was designed to explore the effect of ginsenosides, saponins from Parax ginseng, on the
vasodilator nerve actions in the rat perfused mesentery and the mechanism of this effect.

In the rat perfused mesentery. when adrenergic nerves were blocked by guanethidine (5 x 10-¢ M) and
vascular muscle tone was increased with methoxamine (5 x 10-¢-10~3 M), transmural field stimulation
produced a frequency-dependent vasodilator response, which is due to the release of calcitonin gene-
related peptide; ginsenosides significantly suppressed this vasodilator response in a concentration-
dependent manner (3-30pugmL~'). After pretreatment with saponin (50 ugmL~!, 3min) to damage
endothelial cells, this suppressing effect of ginsenosides was unaltered. However, the effect was abolished
by N--nitro-L-arginine methyl ester (L-NAME) (10~*M), an inhibitor of nitric oxide synthesis and
addition of L-arginine (3 x 10~ M) restored this suppressing effect. Methylene blue (10-% M), an inhibitor
of guanylate cyclase, also abolished the suppressing effect of ginsenosides. However, ginsenosides did not
alter the relaxation responses caused by exogenous calcitonin gene-related peptide administration.

We conclude that ginsenosides can produce an inhibitory effect on the vasodilator response prejunc-
tionally in the rat perfused mesentery and that this effect of ginsenosides may be mediated by nitric oxide
released from non-adrenergic. non-cholinergic nerves.

Ginsenosides. saponins from Panax ginseng, have been
documented to possess complex cardiovascular effects.
Ginsenosides have been shown to produce different
responses in different blood vessels (Chen et al 1984).
Recently. it has been reported that vasodilator responses
to ginsenosides are related to an L-arginine-nitric oxide-
cyclic GMP (L-arg-NO-cGMP) pathway (Chen et al 1993;
Kim et al 1993). Besides possessing cardiovascular effects,
ginsenosides can modulate the release of neurotransmitter
from sympathetic nerves in pithed rats (Zhang & Chen
1987).

It has been demonstrated that capsaicin-sensitive sensory
nerves are present in the rat mesentery and that calcitonin
gene-related peptide (CGRP), a principal transmitter in
vascular sensory nerves, may play a role in the modulation
of the total peripheral resistance of the systemic circulation
through local reflex mechanisms (Kawasaki et al 1988: Li &
Duckles 1992). Our previous study has shown that CGRP
release caused by transmural field stimulation can be
modulated. in an inhibitory fashion. by the endogenous
nitric oxide. probably released by non-adrenergic. non-
cholinergic (NANC) nerves (Lt et 4l 1993).

Since mesenteric vasculature is innervated by both sym-
pathetic and capsaicin-sensitive sensory nerves (Kawasaki
et ul 1988: Li & Duckles 1992). and ginsenosides can inhibit
symputhetic neurotransmission (Zhang & Chen 1987).1n the
present study we examined whether ginsenosides can affect
the actions of sensory nerves in the rat perfused mesentery.
The modulation of cupsaicin-sensitive sensory  nerves
mvolves mirie oxide. possibly fromt NANC nerves (Li et al
1993). and ginsenosides can relax vascular smooth muscle

Correspondence: Y -1 L Depurtment of Pharmacology. Hunan
Medicad Fnnversity . Chanesha, Hunan 310075 P R China

via an L-arg-NO-cGMP pathway (Chen et al 1993; Kim et al
1993): therefore, we further explored whether the effect of
ginsenosides on sensory nerve action is correlated with an
L-arg-NO-cGMP pathway.

Materials and Methods

Tissue preparation and perfusion

Mesenteric vasculature of male Sprague-Dawley rats, 180~
250 g, was isolated and prepared for perfusion as described
previously (Li et al 1993). Rats were decapitated, and the
mesenteric artery was quickly cannulated at its origin at the
aorta with PE 50 tubing and perfused with Krebs solution,
saturated with 95% 0,-5% CO,. Preparations were then
placed in a water-jacketed organ bath (volume 200mlL)
maintained at 37°C. The system was perfused with Krebs
solution with the help of a peristaltic pump at a rate of
5+ 02mL min~', and superfused by gravity feed at a rate of
1+ 0-2mLmin~'. The Krebs solution had the following
composition (mm): NaCl 118, KCl 48, CaCl, 2-3
KH,PO, 1-2, NaHCO; 2-5, MgSO, 12, EDTA.Na 0-107,
dextrose 11-5. The perfusion pressure was monitored and
recorded by a pressure transducer and a LMS-2B two-
channel recorder.

Two platinum electrodes. one placed around the superior
mesentery artery and the other resting on the vasculature in
a lower part of the preparation, were used to create
transmural tield stimulation. Transmural field stimulation
{amplitude of 60 V. 80 pulses and 3 ms duration) was applied
at various frequencies using a Nihonkohden S3201 stimu-
lator, Sufficient time was allowed between cach stimulation
train for the perfusion pressure to return to a stable leved,
usually 10 20 min.



Experimental protocols

Tisstres were equilibrated for 60 min before each experiment
was begun. Responses 10 transmural field stimulation were
stable in the absence of drug. All drugs were administered
intraluminally by switching the perfusion solution to a
solution containing the drug in the concentrations indi-
cated. For measurement of vasodilaior responses. tissues
were pretreated with guanethidine (5 x 10" M) and then
contracted with methoxamine (5 x 10~*-10-%m). For gin-
senosides, preparations were exposed for 10min and these
remained in the perfusate for the remainder of the study.
Transmural field stimulation was applied 10 min after drug
administration. For measurement of vasodilator responses
to ginsenosides, various concentrations of ginsenosides were
tested in a cumulative fashion. In the case of studies of the
effect of L-NAME, L-NAME in the presence of L-arginine,
or methylene blue on responses to ginsenosides. exposure to
L-NAME, L-NAME in the presence of L-arginine, or
methylene blue was for 10min and then responses to
transmural field stimulation were tested. After measure-
ment of control responses to transmural field stimulation,
tissues were exposed to ginsenosides in the presence of
L-NAME, i-arginine and L-NAME, or methylene blue
before final stimulation was tested. For CGRP, various
concentrations of CGRP were tested. To remove the
endothelium, preparations were perfused with distilled
water containing saponin (50 ugmL™!) for 3 min. Selective
removal of the endothelium was confirmed by demonstrat-
ing the lack of a vasodilator response to acetylcholine. For
all studies a paired design was used, that is. the same tissue
was studied both before and after treatment with the
particular test reagent.

Drugs

The following drugs were used: saponin. methoxamine,
L-arginine, N“-nitro-t-arginine methyl ester (L-NAME)
and guanethidine (Sigma, St Louis, MO); calcitonin gene-
related peptide (Peninsula Laboratory. Belmont, CA);
ginsenosides (extracted from Panax ginseng C. A. Meyer
according to the Shibata methods) (Shibaia et al 1965) and
methylene blue (Medical and Pharmaceutical Co. of China,
Beijing). All drugs were dissolved in Krebs solution.

Statistics

Results are expressed as means + s.e.m. Student’s r-test was
used to determine statistical differences totween two means.
The level of significance was chosen as P < 0-05.

Table 1. Effect of various concentrations of ginsenosides on
vasodilator response tc transmural field stimulation (n =35).
Relaxation was calculated as percentage of contraction to methox-
amine.

Ginsenosides Frequency (Hz)

{ppgmL-t)

He : ; .
0(Conrol)  21'1£79 357499 451259

3 188 =79 7sE7 186+ 49
10 10-5 % 3.7* 194 764 83+ 82+
30 S6=31% I3z 6l0r 223450

*P < 005, **P < 0-0l compared with contro}.

Tuble 2. Effect of psenosides (10pgml. ') on vasodilator
responscs to transmural fcld stimulation in the rat perfused
mcsentery with endothelium and without endothelium (n = §).
RC\?x‘dlion was calculated as percentage of contraction to methox-
amine. .

Frequency (Hz)

i 2 4
Contro! 271268 3985=54 467 =53
With endothelium 130 32* 25447 320=71*
Control 48260 IR0z 34 488 = K-8
Without endothclium  17-02 6-1*%  30-0x 2-5**° 37-6 = 6.8**"

*P < 0:05. **P < 0:01 compared with control. £ > 0-20 com-
pared with corresponding experiment with endothelium.

Results

Guanethidine {5 x 10-®v) was used to block sympathetic
nerves and methoxamine (5 x 107~10"*wm) was added to
increase smooth muscle tone in the perfused rat mesenteric
vascular bed. with a basal perfusion pressure of
22+ 3mmHg (n=24). Transmural field stimulation
caused a frequency-dependent vasodilator response. which
is due 1o the release of CGRP (Kawasaki et al 198§).
Ginsenosides  significantly  suppressed  vasodilator
responses to transmural field stimulation at all indicated
stimulation frequencies (Table 1) in a concentration-depen-
dent manner.

To further investigate whether endothelium is involved in
the suppressing effect of ginsenosides. tissues were perfused
with saponin to damage endothelial cells. As we have shown
previously (Li et al 1993), after removal of endothelium by
saponin, vasodilator respornises to acetylcholine were abol-
ished, and microscopy revealed that the great majority of
endothelial cells were removed from the basal lamina.
However, removal of endothelium did not alter the suppres-
sing effect of ginsenosides on the vascdilator responses to
transmural field stimulation. As shown in Table 2, there was
no significant difference in relaxation when endothelium-
intact and endothelium-denuded preparations were com-
pared (P > 0-20).

The effects of ginsenosides at various concentrations were
tested in the presence of guancthidine and methoxamine. At
the concentrations of 3 and 10 ugmL-!, ginsenoside treat-
ment alone did not cause vascular relaxation, while at a
higher concentration (30 ugmL~'), ginsenosides caused a
vasodilator response (19-9 +4-8%, n = 5). However. after
removal of endothelium, ginscnosides at various concentra-
tions did not cause relaxation of methoxamine-contracted
mesentery.

Tablc 3. Effect of ginsenosides on vasodilator responses to ¢xogen-
ous CGRP (n = 4). Relaxation was calculated as percentage of
contraction to methoxamine.

CGRP conen (M)

10-+ 3x 10~ 10-+
CGRP 260011 428124 SR =38
CGRP + ginsenaosides 26511 476 227 608 =28
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Table 4. Effect of L-NAME (10-* M) or L-arginine (3 x 107 M) in
the presence of L-NAME on inhibition by ginsenosides
(10 ug mL~") of vasodilator responses to transmural ficld stimula-
tion {n = 5). Relaxation was calculated as percentage of contraction
to methoxamine.

Frequency (Hz)
1 2 4
Control 18:1£28 324442 464462
L-NAME + ginsenosides  18:2+20 288124 45242
Control 271 +£9-0 406126 52224
L-NAME +ginsenosides  14-9 £ 3-7* 20-8 £ 2:5** 35-1 £ 4-6**
+ L-arginine

p < 0:05, **P < 0-01 compared with control.

Table 5. Effect of methylene blue (10-* M) on inhibition by ginseno-
sides (10 ugmL-) of vasodilator responses to transmural field
stimulation (n = 5). Relaxation was calculated as percentage of
contraction to methoxamine.

Frequency (Hz)

I 2 4
Control 256+£28 357+31 496+£28
Ginsenosides 14-6 +3-8* 21-1 £2-8%* 31- 2+ [.7%*
Ginsenosides +methylene 24-3+42 348+55 470+58

blue

*P < 005, **P < 0-01 compared with control.

In tissues pretreated with guanethidine and methoxamine
vasodilator responses to exogenous CGRP were unaltered
in the presence of 10 ug mL-! ginsenosides (Table 3).

The inhibitory action of ginsenoside (10 ugmL-!} was
completely abolished in the presence of L-NAME
(3 x 10-*M). However, in the presence of t-arginine, a
precursor of nitric oxide synthesis, subsequent reversal of
the action of L-NAME was observed, as reappearance of
inhibitory effects of vasodilator responses to transmural
field stimulation (Table 4).

Inhibition of vasodilator responses to transmural field
stimulation by ginsenosides was abolished in the presence of
10~* M methylene blue (Table §).

Discussion

Ginsenosides can inhibit sympathetic nervous activity by an
action on presynaptic a,-receptors to reduce transmitter
release (Zhang & Chen 1987). In the present study, when
sympathetic nerve action was blocked by guanethidine. and
the perfusion pressure was increased by methoxamine,
transmural nerve stimulation caused a frequency-depen-
dent relaxation of the perfused rat mesentery, which is due
to the release of CGRP (Kawasaki et al 1988) from the
capsaicin-sensitive sensory nerves. Ginsenosides, however,
significantly inhibited this frequency-dependent relaxation
in a concentration-dependent manner (Table 1), This sug-
gests that ginsenosides cannot only inhibit sympathetic
nerve action. but also suppress capsaicin-sensitive sensory
nerve action. Furthermore. ginsenosides had no effect on

vasodilator responses to exogenous CGRP. This suggests
that inhibition of neurogenic responses by ginsenosides
must result from an action at prejunctional sites.

Endothelial factors such as endothelium-derived relaxing
factor, besides exerting direct actions on vascular smooth
muscle, regulate vascular tone through modulation of
sympathetic nerve transmission (Li & Duckles 1992). In
the present study, ginsenoside treatment (30 ug mL-") alone
caused an endothelium-dependent relaxation. Similar
results have been seen in a variety of tissues (Chen et al
1993; Kim et al 1993). These results indicate that ginseno-
sides can facilitate release of nitric oxide from endothelial
cells. However, as has been shown previously, endothelium,
which can release nitric oxide, does not mediate the vasodi-
lator effects of sensory nerves, and vasodilator responses to
CGRP are endothelium-independent in the rat mesentery
(Li & Duckles 1992). Then the inhibitory effect of ginseno-
sides on sensory nerves in the rat perfused mesentery is
mediated by endogenous nitric oxide release from tissues
other than the endothelium. In our experiment, in the rat
perfused mesenteric vasculature without endothelium, gin-
senosides still inhibited vasodilator responses to transmural
field stimulation. These results suggest that the inhibitory
effect of ginsenosides on vasodilator nerves is not related to
endothelial function (Table 2).

Although the endothelium is not involved in modulation
of sensory vasodilator nerves in the perfused mesentery of
the rat, nitric oxide released from tissues other than the
endothelium has been shown to regulate peptidergic neuro-
transmission in guinea-pig ileum and in the rat perfused
mesentery (see Li et al 1993; Gustafsson et al 1990). To
explore the possible contribution of endogenous nitric
oxide, we used L-NAME, an inhibitor of nitric oxide
synthesis. Treatment with L-NAME abolished the inhibi-
tion of vasodilator responses to transmural field stimulation
by ginsenosides, while this effect of L-NAME was reversed
completely by addition of L-arginine. These results suggest
that ginsenosides inhibit the actions of sensory vasodilator
nerves in the perfused mesentery via stimulation of endo-
genous nitric oxide release. Qur previous investigation
has shown that, in the preparations without endothelium,
inhibition of synthesis or action of nitric oxide significantly
enhances vasodilator responses to transmural field stimula-
tion, and that stimulation of nitric oxide release suppresses
vasodilator responses to trapsmural field stimulation
(Li et al 1993).

There is an increasing amount of evidence to suggest that
nitric oxide, besides being present in the central nervous
system and endothelial cells, may be released from vascular
smooth muscle cells as well as from NANC nerves
(Garthwaite 1991; Yoshida et al 1993). Recently, it has
been reported that the neurally-induced relaxation is asso-
ciated with nitric oxide released from NANC nerves, that
activate guanylate cvclase and increases the synthesis of
c¢GMP in monkey mesenteric artery and in dog and
monkey cerebral arteries (Toda & Okamura 1990, 1992).
These results, together with the findings of our present
study, suggest that it is possible that the inhibitory effect
of ginsenosides on the actions of sensory nerves was
mediated by the nitric oxide release from NANC nerves in
the perfused mesentery of the rat.
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Nitric oxide activates guanylate cyclase, with a subse-
quent elevation of tissue levels of ¢cGMP, resulting in
relaxation of vascular smooth muscle and inhibition of
peurotransmission (Garthwaite 1991). Methylene blue, an
inhibitor of guanylate cyclase, is widely used as a tool to
evaluate the mechanism of action of vasodilators (Martin et
al 1985; Watanabe et al 1988). We explored the effect of
methylene blue on the inhibition of the actions of sensory
nerves by ginsenosides. Our results showed that the inhibi-
tion of vasodilator responses to transmural field stimulation
by ginsenosides was abolished by methylene blue. This
suggests the effects of ginsenosides may be secondary to
the elevation of ¢cGMP via nitric oxide stimulation of
guanylate cyclase.

In summary, the present results suggest that ginsenosides
inhibit the actions of vasodilator nerves prejunctionally in
the rat perfused mesentery, the inhibitory effect of ginseno-
sides is mediated by nitric oxide and the nitric oxide which
participates in modulating neurotransmission may be from
NANC ‘nerves.
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The six major ginsenosides, Rg,. Re. Rb:. Re, Rbs, and Rd. in roots and leaves of American ginseng
have been isolated and quantified by high-performance liquid chromatography. In 4-vear-old roots.
the main ginsenosides were Re and Rb,, and together thev accounted for >75% of the total
ginsenosides. In leaves, the concentration and composition of ginsenosides varied with the maturity
of the leaf tissue. One-month-old leaves contained 1.33-2.64 g ginsenoside/100 g dry weight, and
the ginsenoside Re accounted for >50% of the total concentration. In mature, 4-month-old leaves,
the total ginsenoside content ranged from 4.14 to 5.58 g/100 g dry weight, and the ginsenosides Re
and Rd each accounted for ~40% of the total ginsenosides. The production site of ginseng influenced
the ginsenoside contents of roots and leaves. However, few significant correlations were found
between root and leaf ginsenosides and between ginsenoside levels and mineral composition of the
leaves and soil.

Keywords: Panax quinquefolium; saponins; ginsenosides; HPLC anclysis; soil fertility; leaf tissue

nutrient status

INTRODUCTION

American ginseng (Panax quinquefolium L.) is a
perennial aromatic herb of eastern North America. It
has a long, fleshy root, the shape of which somewhat
resembles the human body. Native North Americans
used ginseng root as part of their traditional medicine
and as an aphrodisiac. Trade in American ginseng
began at the beginning of the 1700s, when it was
discovered that American ginseng roots possessed prop-
erties similar to those of the ginseng from China (Panax
ginseng C. A. Meyer).

Until quite recently, American ginseng was dug from
the wild. As native stands declined, commercial pro-
- duction started in Quebec and later in Wisconsin and
~Ontario. In British Columbia, commercial ginseng
production began in the early 1980s. Presently, >2300
ha of American ginseng, valued at ~$250 000/ha, are
in production in Canada.

The active constituents of ginseng are dammarane
saponins, commonly referred to as ginsenosides (Shibata
et al., 1985; Tanaka, 1994). The most abundant gin-
senosides present in American ginseng are Rby, Rb, Re,
and Rd, which possess 20(S)-protopanaxadiol as an
aglycon; and ginsenosides Rg; and Re, which possess
20(S)-protopanaxatriol as an aglycon (Figure 1). Sev-
eral pharmacological properties have been reported for
ginsenosides or ginseng, including effects on the central
nervous system, tranquilizing and antipsychotic actions,
protection from stress ulcers, increased gastrointestinal
mobility, antifatigue action, endocrinological effects,
enhancement of sex behavior, and acceleration of both
metabolism and synthesis of carbohydrates, lipids, and
proteins (Tanaka, 1994).

Quantitative differences in total and individual gin-
senosides vary depending on the species, such as P.
ginseng and P. quinquefolium (Lewis, 1988); growing
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Figure 1. Structures of ginsenosides in ginseng.

environment, such as wild and cultivated (Betz et al.,
1984); soil and fertility conditions (Konsler et al., 1990);
age of the roots (Soldati and Tanaka, 1984); different
parts of the plant (Soldati and Sticher, 1980); and
extraction methods (Schulten and Soldati, 1981). Quan-
titative high-performance liquid chromatography (HPLC)
analyses of ginsenosides have been reported by several
authors (Scldati and Sticher, 1980; Pietta et al., 1986;
Kanazawa et al., 1987). However, almost all of these
studies have focused on the analyses of ginsenosides in
P. ginseng, and no systematic analysis of ginsenosides
in American ginseng has been reported.

The aim of the present investigation was to study the
variation of ginsenosides in roots and leaves of American
ginseng grown in three different regions of British
Columbia, Canada, and to examine the effects of soil
fertility and leaf tissue nutrient status on ginsenoside
levels in roots and leaves.

MATERIALS AND METHODS

Roats and leaves of 4-year-old American ginseng (P. quin-
quefolium L.) and s0il samples were collected in the summer
of 1994 from each of nine commercial ginseng fields in British
Columbia. The samples consisted of leaves chosen randomly
in the middle of June from six plants per sampling site, and
samples of leaves, roots, and soil taken in early September.

Published 1996 by the American Chemical Saciety
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Extraction, Purification, and Analysis of Ginseno-
sides. All the leaf and root samples were refrigerated and
then freeze-dried at —85 °C within 3 days of sampling. Freeze-
dried tissue was ground in a Wiley mill and stored at ~35 °C
until analyzed. Each ground, freeze-dried sample (200 mg)
was weighed into a PTFE-stoppered tube and sonicated with
3 mL of 30% (v/v) methanol/water for 40 min in a Bransonic
ultrasonic bath. The mixture was centrifuged, and the su-
pernate was filtered through a 0.45-um hydrophilic Durapore
membrane filter (Millipore Corp., Bedford, MA). The crude
extract was taken to dryness under a stream of nitrogen,
redissolved in 10 mL of water, and refiltered. Two and a half
milliliters of the aqueous extract was applied to a Cys solid-
phase extraction cartridge (Waters Chromatography Cyq Sep-
Pak Classic, 360 mg, preconditioned with 2 mL of methanol
and 5 mL of water), and the cartridge was washed with 5 mL
of 30% (v/v) methanol. Ginsenosides were eluted with 5 mL
of methanol inte a NH: solid-phase extraction cartridge
(Waters Chromatography Sep-Pak Vac NH3, 500 mg, precon-
ditioned with 6 mL of water and 6 mL of methanol). The
cartridges were further washed with 1 mL of methanol. The
eluate, which contained purified ginsenosides, was taken to
dryness under a stream of nitrogen. The dried extract was
redissolved by sonication and vortexing in 1.0 mL of 25% (v/
v) acetonitrile/water, filtered through a 0.45-um membrane
filter, and immediately analyzed for ginscnoside content by
HPLC.

Ginsenosides Rby, Rbs, Re, Rd, Re, and Rg; were measured
on a Hewlett-Packard 1084B HPLC with gradient elution and
a reversed-phase (RP) column (Spheri-5 RP-18, 4.6 x 220 mm,
5-um packing, with RP-18 guard column, 4.6 x 30 mm;
Brownlee Labs, Santa Clara, CA). Mobile phases were (A)
water and (B) acetonitrile (HPLC grade; J. T. Baker Inc.,
Phillipsburg, NJ), with a flow rate of 1.5 ml/min and the
following gradient: 0-16 min, 21.5% B; 16~350 min, 21.5—
40% B; 50~52 min, 40~95% B; 5255 min, 95% B; 55~60 min,
96-21.5% B; and 60~70 min, 21.5% B. Detection was by UV
spectrophotometry at 203 nm, with a reference wavelength of
535 nm. Samples were introduced by autoinjector, with a 20-
or 50-uL injection volume.

The concentration of ginsenosides was determined from
standard curves prepared by injecting different volumes of
stock solutions of authentic ginsenosides Rb:, Rbo, Re, Rd, Re,
and Rg; that were purchased from Carl Roth GMBH (Karls-
ruhe, Germany).

Leaf and Soil Analyses. Leaf and soil samples were
analyzed for nitrogen (N), phosphorus (P), potassium 'K),
magnesium (Mg), and calcium (Ca) in triplicate, according to
standard procedures (AQAC, 1980). Soil samples were also
assayed for organic matter (OM) and pH. Nitrate N was
extracted with 0.25 N HOAc + 0.015 N NH,F, and its
concentration was determined as nitrite by an automated
copper—cadmium reduction procedure and color development
by sulfanilamide and V-(1.naphthyllethylenediamine dihy-
drochloride. Phosphorus was determined by extraction with
0.25 N HOAc and 0.015 N NH,F at a 1:10 {vA) soil:solution
ratio, and its concentration was measured cn an inductively
coupled argon plasma spectrophctometer (ARL 34000). Ex-
tractable Ca. Mg, and Na were determined by extraction with
a 0.25 N acetic acid and 0.015 N ammonium fluoride solution
at a 1:10 ‘v soil:extractant ratio, and their concentrations
were measured on an inductively coupled, argen plasma
spectrophotometer.

Statistical Analysis. Statistical data analvsis was carried
out on a Microvax computer with a GLM procedure, Duncan's
New Multiple Range Test, and Pearson’s Correlation of SAS
(SAS, 1985). Correlation coefficients were calculated between
mineral levels in leaf and soil samples and ginsenoside
contents of young and mature leaves and roots.

RESULTS AND DISCUSSION

Typical chromatograms of ginseng root, yqung leaf
{1-1), and mature leaf 11-2) extracts and authentic
ginsenosides are shown in Figure 2. A highly satisfac-
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Figure 2. Typical HPLC chromatograms of ginsenocsides in
American ginseng, monitored at 203 nm: {peak 1) Rg,; {peak
2} Re; (peak 3) Rby; (peak 4) Rc; (peak 5) Rbs; and {peak 6)
Rd.

Table 1. Contents (Grams per 100 g of Dry Weight) of
Individual and Total Ginsenosides in Young Leaves of
American Ginseng Taken from Commercial Fields in
British Columbia in 19894

loca- leaf (I-1) ginsenosides®

tion Rg Re Rby Re Rb, Rd total

1 0.18a 1.34ab 0.04a 0.07bcd 0.10cd 0.18h  1.80bed

2 0.13a 0.95¢d 0.06a 0.05d 0.08d 0.21b 1.43cd
3  0.19a 125abc 0.02a 0.06¢cd 0.14bed 0.31ab 1.97bed
4 0.12a 0.77 0.04a 0.06cd 0.12¢d 0.24b 1334

5 0.10a 1.045%d 0.03a 0.Cécd 0.05d 0.15b  1.42cd
6 0.12a 1.04¢bed 0.05a 0.12abc 0.23abc 0.35ab 1.90bed
7 0.16a 1.42a 004a 0.15a 0.33a 0.535a 2.64a

8 0.17a 094cd 0.02a 0.10bed 0.26ab 0.52a 2.01be
9 0.14a 1l.14abc 0.06a 0.13ab 0.26ab 0.512 2.23ab

av. 0.13 1.10 0.04 0.09 0.20 0.34 1.86

2 Means in each column followed by the same letter are not
significantly different (p < 0.05; n = §). .
tory separation of the major ginsenosides of American
ginseng including Rg; and Re was achieved in <50 min.
In agreement with publizshed results (Soldati and Stich-
er, 1950; Pietta et al., 1956; Kanazawa et al., 1987), the
protopanaxtriol derivatives Rg; and Re eluted well
ahead of the protepanaxadiols Rby, Re, Rbs, and Rd.

In Tables 1, 2, and 3 are the average contents of the
total and individual ginsenosides in young leaves (1-1),
mature leaves (1-2), and 4-year-old roots from nine
cammmercial fields in the Vernon-Kamloops-Lilloet region
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Table 2. Contents (Grams per 100 g of Dry Weight) of -
Individual and Total Ginsenosides in Mature Leaves of
American Ginseng Taken from Commercial Fields in
British Columbia in 1994

leaf (1-2: ginsenosides®

Rb, Re Rba Rd  total

location Rg: Re

1 0.35a 1.45a 0.13b 0.22a 0.49¢d 1.67a 4.322
2 0.332%1.78a 0.22ab 0.39a 0.83ab 2.02a 5.58z
3 0.22a 1.63a 0.26ab 0.28a 0.59bcd 143a 4.42a
4 0.24a 1.26a 0.31a 0.33a 0.70abc 2.292 5.12a
5 0.22a 1.38a 0.22ab_0.36a 0.93a 2.02a 5.12a
6 0.35a 1.76a 0.19ab 0.33a 0.50cd 1.00a 4.14a
7 0.25a 1.71a 0.28ab 0.32a 0.50cd 1.81a 4.38a
8 0.26a 1.54a2 0.23ab 0.30a 0.42¢cd 1.83a 4.38a
9 0.26a 1.53a 0.25ab 0.33a 0.66d 1.78a 4.822

av 028 15 023 032 062 1.74 415

¢ Means in each column followed by the same letter are not
significantly different (p < 0.05; n = 6).

Table 8. Contents (Grams per 100 g of Dry Weight) of
Individual and Total Ginsenosides in 4-Year-Old Roots of
American Ginseng Taken from Commercial Fields in
British Columbia in 1994

root ginsenoside®
location Rg; Re Rb, Re Rb, Rd total

0332 0.87a 0.96bc 0.24a  0.032 0.26ab 2.6%
0.16a 1.35a 0.84c 0.15¢d 0.02a 0.27ab 2.79b
0.19a 1.03a 0.77¢ 0.17bed 0.02a 0.27ab 2.44b
0.16a 1.26a 1.46ab 0.17bcd 0.022 0.23b 3.29ab
0.14a 1.23a 1.86a 0.23ab 003a 0.40a 3.88a
0.19a 1.38a 1.44ab 0.21abc 0.03a 0.31ab 3.56ab
0.12a° 1.00a 1.09bc 0.17bed 0.02a 0.235ab 2.65p
0.11a 0.84a 1.13bc 0.14d 0.02a 0.29ab 2.52b
0.23a 0.96a 146ab 0.17bed 0.02a 0.31ab 3.16ab

av 018 110 122 0.18 002 028 3.00

¢ Means in each column followed by the same letter are not
significantly different (p = 0.05; n = 6).

of British Columbia. In young leaves, the content of
total and individual ginsenosides, except for Rg; and
Rb;. varied significantly from location to location (Table
1). Location 7 had the highest contents of Rbs, Re, Rd,
Re, and total ginsenosides. In mature leaves, only the
ginsenosides Rb; and Rb; showed significant differences
among locations. All other ginsenosides and the total
contents were not affected by production site (Table 2).
In 4-year-old roots, production site had a statistically
significant effect on the content of Rb;, Re, Rd, and total
ginsenosides (Table 3). Samples from locations 4, 5, 6,
and 9 contained the highest levels of total root ginseno-
sides, and locations 1, 2, 3, 7, and 8 had the lowest
levels. On a dry weight basis, mature leaves contained
the highest ginsenoside contents, followed by roots and
young leaves. Reported contents of ginsenosides in roots
of American ginseng range from 1.70 to 2.56% (Soldati
and Sticher, 1980; Lewis, 1988; Konsler et al., 1990).
Our values are marginally higher than the published
levels. This difference could be the result of differences
in the age of plants, growing conditions, and soil
fertility. In North America, ginseng roots are tradition-
ally harvested afler 4 years of cultivation. In this study,
ginsenosides were evaluated at this age, although it has
been reported that total content of ginsenosides in-
creases with age of the plant (Soldati and Tanaka, 1984}
and with moderate addition of lime to the soil (Konsler
et al.,, 1990,

The amount of ginsenosides extracted from leaves
varies with the stage of leaf development. Asindicated
in Tables 1 and 2, the total ginsenosides (Rb;. Rbg, Re,
Rd, Re, and Rg;) of 1.86% for 1-month-old leaves
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Table 4. Correlation Coefficients between Ginsenoside
Contents of 1-Month-Old and Mature Leaves of Americar
Ginseng

mature . I-month-old leaf
leaf Rg: Re Rb: Re Rb, Rd total
Rg: 0.01 006 055 004 -0.06 -0.20 -0.05

Re 018 033 031 037 0.39 034 043
Rby ~0.13 -0.24 -0.11 017 031 039 0.09
Re ~0.77¢ -0.53 043 -004 -0.10 -0.04 -037
Rb; -06% -038 026 055 -0.68 -0.39 -0.67°
Rd -0.33 -034 0.09 -0.38 -0.37 -0.27 -0.43

total -0.02 0.16 -0.43 032 027 023 026
¢ Significant at the 0.05 level of probability.

increased to 4.16% in mature leaves. These values are
within the range of total leaf ginsenosides reported in
the literature. Without any indication of specific time
of leaf collection, Konsler et al. (1990) reported values
of 2.27-2.92% total ginsenosides (A;, Rbs, Rd, Re, and
Rg)), whereas Lui and Staba (1980) found a total of 6.6%
(Rby, Rbs, Re, R4, Re, Rf, Rg), and Rgy).

In our study, significantly different total ginsenosides
from nine locations were mainly due to different levels
of Rby, Re, and Rd (Table 3), indicating that these three
major components are affected by the growing condi-
tions. The Rb, in roots from different locations showed
the greatest variation from 0.77 to 1.86%. A similar
variation was also reported by Sanada and Shoji (1978),
with Rb; of 1.57%; by Lewis (1988}, with Rb,; of 0.99%;
and by Soldati and Sticher (1980), with Rb; of 0.26%.

Correlation coefficients relating ginsenoside contents
of young and mature leaves are given in Table 4.
Significant correlations were obtained between Rb,
content of mature leaves and Rg;, Rbs, and total
ginsenoside content of 1-month-old leaves, and between
the Rc level of mature leaves and the Rg; content of
young leaves. The sign of these coefficients suggests
that low levels of ginsenosides in young leaves lead to
an increased accumulation of ginsenosides in mature
leaves. However, the limited number of significant
correlation coefficients between the individual and total
ginsenoside contents in leaves at the two stages of
maturity indicate that factors other than maturity
influence the accumulation of ginsenosides in leaves of
American ginseng.

Correlations between ginsenoside contents of leaves
and roots were very low. The only significant (p < 0.05)
combinations were Rg; of young leaves with Rb; (r =
—0.75) and total (r = —0.89) of roots; total ginsenosides
of young leaves with Rg, (r = ~0.83) and total content
(r = 0.69) of roots; and Rb; and Rc of mature leaves with
Rby (r=~0.76) and Re (r = ~0.71) of roots, respectively.
The sign of these coefficients indicates that increases
in leaf ginsenosides correspond to lower ginsenoside
contents in roots. These findings agree with previous
studies (Konsler et al., 1990) that have shown that the
relationship between leaf and root ginsenosides contents
is generally poor.

Correlation analyses between N, P, K, Mg, and Ca
contents of 1-month-old leaves and ginsenoside levels
of leaves and roots revealed that the majority of the
significant correlations were between ginsenosides and
N levels of young leaves. The sign of the coefficients
was negative for N and Re, Rby, and total ginsenosides
of young leaves, and Re of mature leaves, and positive
for N and Rb; and total ginsenosides of roots. There
were no significant correlations between P contents and
ginsencsides, whereas K, Mg, and Ca were correlated
with Re of young leaves and roots, Rbg of roots, and Re
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of young leaves, respectively. There were no correla-
tions between N, P, K, Mg, and Ca of mature leaves and
ginsenosides of leaves at the same stage of maturity.
Contents of N, Mg, and Ca in the soil showed significant
negative correlaticn with Rbs (r = —=0.77), Rb; (r =
=-0.70) and Re (r = -0.70), and Rb; (r = -0.79),
respectively. The Mg and Ca content of mature leaves
showed significant negative correlation with Re (r =
—0.69) and Rg; (r = —=0.77) of root, whereas only N
content in the soil showed positive correlation with Rd
{r = 0.82) and total ginsenosides of root (r = 0.67).
There is almost no published information on the

effects of cultural practices and nutrient status of leaves

and soil on ginsenosides of American ginseng, thus no
comparison of our results with published data can be
made. The relatively strong and consistent correlations
between N contents and ginsenosides of leaves and
roots, however, indicate that N fertilization of ginseng
should be carried out cautiously.

Organic matter, pH, P, and K levels of soil were not
significantly correlated with ginsenosides of mature
leaves and roots, even though Konsler et al. (1990) noted
that soil pH and phosphate levels result in significant
changes in the tissue content of certain ginsenosides.
The level of N in the soil showed a significant negative
correlation with Rbs of mature leaves and a positive
correlation with Rd and total ginsenosides of root,
whereas Mg and Ca levels in the soil showed negative
correlations only with Rb; and Rc of mature leaves and
not with ginsenosides in root. These observations are
in agreement with Konsler et al. (1990), who concluded
that soil fertility factors, including Mg and Ca, are more
closely related to leaf than to root ginsenoside concen-
trations. Further work is required to better elucidate
the effects of soil fertility and timing of application of
fertilizers on ginsenosides of American ginseng.
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Vascular effects of ginsenosides in vitro
Xiu Chen', C. Norman Gillis & Richard Moalli

Departments of Anesthesiology and Pharmacology, Yale University School of Medicine, New Haven,
CT06510, US.A.

1 Ginsenosides (saponins extracted from Panax ginseng) elicit qualitatively and quantitatively
different responses in isolated, contracted ring preparations of different blood vessels from rabbits,

dogs and humans.

2 Ginsenosides themselves did not affect the tone of ‘resting’ isolated blood vessels directly, but

contracted slightly the renal vein of rabbits at the maximum concentration tested. The mixture

caused relaxation of the noradrenaline (NA) or prostaglandin Fo, (PGF,,)-induced contraction of
‘the pulmonary artery and intrapulmonary artery of rabbits, and the PGF,,-induced contraction of
_ the canine mesenteric vein.

3 Ginsenosides potentiated, in a concentration-dependent manner, the contractile responses of

renal veins of dogs and rabbits to PGFx,

4 The reason for such heterogeneous responses of different blood vessels to ginsenosides in
unknown. It is suggested that either potentiation of contraction or relaxation of contracted blood
vessels might be mediated by interaction with endogenous vasoactive substances. The potentiation
of PGF,.-induced contraction may be related to the reduction of renal blood flow observed in
anaesthetized dogs. The simultaneous contraction and relaxation effects may explain its biphasic

actions on blood pressure.

Introduction

Panax ginseng has been used for more than two
thousand years as a general tonic in traditional Chin-
ese medicine. Recently it was reported that gin-
senosides, saponins extracted from Panax ginseng,
provide some protection against experimental
myocardial infarction in rabbits (Chen et al., 1980).
In order to elucidate the mechanism of this action,
the cardiovascular and haemodynamic effects of gin-
senosides were studied in experiments in intact dogs.
It was found that the mixture significantly reduced
vertebral and femoral vascular resistance but in-
creased renal vascular resistance mainly by decreas-
ing renal blood flow (Chen et al., 1982a,b). These
findings suggested that ginsenosides may produce
different responses in different blood vessels. The
purpose of the present study was to examine the
validity of this assumption by evaluating the response
to ginsenosides of a variety of isolated blood vessels
- prepared from rabbits, dogs and man.

! Present address: Department of Pharmacology, Hunan
Medical College, Changsha 410008, People’s Republic of
China.

Methods

Male New Zealand albino rabbits (2.2-2.8 kg) were
anaesthetized by intravenous injection of allobar-
bitone (125mgkg™!) and urethane (500mgkg™!)
followed by  administration of  heparin
(500 unitskg~'). The lungs and heart were removed
and placed in Krebs-bicarbonate solution and aer-
ated continuously with 95% O, and 5% CO,. Seg-
ments (2-3cm) of the ascending aorta and right
pulmonary artery (RPA) were removed. Right in-
trapulmonary artery segments were carefully isolated
and canpulated with a fine polypropylene tubing
(1 mmo.d.) and removed. After opening the abdomi-
nal cavity, the right renal artery and vein segments
were isolated, cannulated and removed.

Male mongrel dogs (1823 kg) were anaesthetized
with pentobarbitone (30 mg kg™!) followed by hepa-
rin (500 units kg~!). Segments of right renal artery
and vein and meseateric vein were carefully isolated
and removed.

Human saphenous veins employed were segments
of unused tissue removed from patients (60-70 years
of age) undergoing coronary bypass surgery.

Only vessels from 2.5 to 6.0 mm diameter were
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used in this study. Each vessel was carefully cleaned
of surrounding tissue, cut into cylindrical segments
5—-6mm in length and mounted on fine stainless steel
hooks (Hooker et al., 1977; Altiere et al,, 1983a). In
each experiment four different blood vessels were
suspended in 10ml organ baths containing Krebs-
bicarbonate solution at 37°C and continuously aer-
ated with 95% O, plus 5% CO,. Changes in force
were measured with semi-isometric force transducers
(FT03 for rabbit: pulmonary and renal arteiies, load
Sg; dog: renal artery, load 7~ 10g; renal vein 3~6g;
mesenteric vein 2-5g; human saphenous vein
8-10g; Statham G7A for rabbit intrapulmonary ar-
tery load 5g; G10B for rabbit renal vein load 0.5g)
and recorded on a Grass Model 7 polygraph. Pre-
load tension was determined as described previously
{Altiere et al,, 1983a). Ring preparations were al-
lowed to equilibrate for 2h under optimal applied
load. The bath solution was changed by overflow
every 15 min during the equilibration period.

Cumulative ginsenoside concentration-response
curves were produced by the addition of solutions of.
ginsenosides to attain final concentrations of 10 pug to
1000 pg mi~! in the bathing medium. After rcpcated
washing and equilibration for approximately 60mm,
cumulative concentration-response curves were gen\
erated with freshly prepared solutions of norad-
renaline (NA) and prostaglandin F, (PGF,, ). When
preparations were maximally contracted by the agon-
ists (NA, 5x107%M; PGFa, 5x1075M),. gin-
senoside solution was added to the organ bathsina
cumulative manner to observe its effect on NA or
PGF,,-induced contractile responses.

Drugs
Ginsenosides were extracted from Panax ginseng

C.A. Meyer according to the Shibata method (Shiba-
ta et al, 1982). Ginsenoside, as well as L-
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Figure 1 Effect of gmscnos:dcs on noradrenaline (NA)-induced contractile responses of rabbit blood vessels. (a)
Cumulative dose-response curves of the intrapulmonary artery (x), pulmonary artery (O), aorta (<) and renal
artery (&) to NA. (b) The effect of ginsenosides on the maximal contraction induced by noradrenaline in the
different blood vessels. Data points represent mean + s.e.mean (vertical bars) of 6 vessels (except renal artery, n=5)



noradrenaline bitartrate (NA, Sigma Chemical Co.)
and prostaglandin Fa, (PGF,,, Upjohn, Kalamazoo,
MI) were prepared in the Krebs solution immediately
before use. All solutions were kept on ice and pro-
tected from light during the experiments.

Analysis of data

Concentration-response data were expressed in
grams of developed force and normalized as % of the
maximum response (either contraction or relaxation)
of the vessel in each experiment. The mean and
standard error of the mean were calculated for each
vessel. Statistical significance was evaluated by the ¢
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test for individual or group comparisons. P values of
0.05 or less were considered to be significant.

Results
Rabbit blood vessels

Addition of ginsenosides (10-1,000 pygml!~! in the
bathing medium) did not contract rabbit pulmonary,
intrapulmonary or renal arteries or aorta in the ab-
sence of an agonist. The maximal concentration
(1000 pgml~1) slightly contracted the renal vein,
causing the development of a tension of 55 mg, equi-
valent to 17% of the maximal contraction induced by

| 1 L 1 J

-log [PGan] M

5 4 3

—log [Gins] g 17!

Figure 2 Effect of ginsenosides on the prostaglandin Fa, (PGFa,)-induced contractile responses of rabbit blood
vessels. (a) Cumulative dose-response curves of pulmonary artery (O), renal vein (@), renal antery (A), intrapulmo-
nary artery (x) and aorta (<) to PGF3,. (b) Effects of ginsenosides on the PGFy,-contracted blood vessels. Data

points represent mean t s.c.mean (vertical bars) of 47 vessels.




488 X.CHEN etal.

PGF,,. However, in some blood vessels ginsenosides
did affect the contraction induced by either NA or
PGF,,. Figure 1la shows the cumulative
concentration-response curve to NA of the intrapul-
monary and pulmonary artery, and renal artery (from
left to right). When the maximal contraction was
obtained to 5x 10-°M NA and ginsenosides were
added to the organ bath in a cumulative manner they
significantly relaxed the pulmonary and intrapulmo-
nary arteries in a concentration-dependent manner
(from 10 pgml~! to 1000 pgml~'). However, gin-
senosides only slightly contracted the renal artery
and had no apparent effect on the previously con-
tracted aorta (Figure 1). Similar effects were ob-
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served when blood vessels were contracted by
PGFz.. Thus, when a maximal contraction was imy
duced by PGF,, ginsenosides also relaxed the pulmoz
nary and intrapulmonary arteries in a concentration:
dependent manner. However, ginsenosides pro-
duced no significant effect on the contracted rcnal“
artery or aorta, although at very high concentrations.
(500-1,000ugml™) these vessels relaxed shghﬂy:
(Figure 2). A unique effect shown in Figure 2 is that
gmsenosxdes potentiated the contractile response of:
the renal vein to PGF,,. Thus the rabbit renal vein’
responds to ginsenosides in a qualitatively dlfferent
manner from the other arteries studied.
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Figure 3 Effect of ginsenosides on prostaglandin Fyq (PGFy,)-induced contraction of dog blood vessels. (a) The
cumulative dose-response curves of renal artery (O), mesenteric vein (A) and renal vein (@) to PGFas. (b) Effects of
ginsenosides on these contracted vessels. Data points represent mean s.e.mean (vertical bars) of 3 -4 vessels.



Canine blood vessels

Ginsenosides alone did not significantly affect the
canine isolated renal artery and vein and mesenteric
vein. However, as shown in Figure 3, the mixture also
potentiated the contractile response of the canine
renal vein to PGF,,, but had no significant effect on
the contracted renal artery. In contrast, it markedly
relaxed PGF,,-induced tone in the canine mesenteric
vein. Thus, ginsenosides also acted qualitatively dif-
ferently in the canine renal artery and vein.

Human vessels

As shown in Figure 4a, ginsenosides alone in high
concentrations slightly contracted the saphenous
vein. This small contraction could also be elicited
when the tissue was previously contracted by PGFa,,
. although no potentiation was seen.
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Discussion

In the present study we found that ginsenosides had
little direct effect on ‘resting’ isolated blood vessels.
Only at high concentrations did ginsenosides contract
the rabbit renal vein. However, the saponin mixture
significantly relaxed the contracted (NA or PGFa,-
induced contraction) rabbit pulmonary and intrapul-
monary artery, and the contracted (PGF,,-induced
contraction) canine mesenteric vein. A qualitatively
different effect was observed with the rabbit or dog
renal vein. In these preparations, ginsenosides poten-
tiated the contractile response to PGF,,. This poten-
tiation of the contractile response is recognized as
being true potentiation, since ginsenosides alone pro-
duced only 17% of the maximum contractile re-
sponse to PGF,, ; however, if added at the peak of the
PGF,, induced contractile response ginsenosides
further increased the contraction of the renal vein by
an additional 46%; that is, three times the response
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Figure 4 Effect of ginsenosides on human saphenous veins by itself and in combination with prostaglandin Fa,
(PGF2.). (a) The dosc-response curve of human saphenous veins to PGFa, . (b) The effect of ginsenosides on human
saphenous vein normally (@) and after the vein had contracted to PGF,, (O). Data points represent mean +s.e.mean

(vertical bars) values.
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produced by ginsenosides alone.

Considerable evidence has been published indicat-
ing that PGFa, can be synthesized in the kidney of
rats, rabbits and man (Dusing er al., 1978; Oliw,
1980; Sraer et al,, 1982) and released in the canine
renal vein (Chandler & Giri, 1981; Lonigro et al.,
1982). There is also evidence that prostaglandins
play an important role in the regulation of renal
blood flow (Terragno er al., 1977). Furthermore, it
has been shown that among the prostaglandins PGFa,
is the most potent vasoconstrictor of canine isolated
renal vein (Chand & Altura, 1981). It is also of
interest to note that the pressor activity of PGFy, is
considered primarily to result from venoconstriction
(Ducharme et al., 1968). Therefore it seems reasona-
ble to speculate that the reduction in renal blood flow
induced by ginsenosides observed with the intactdog
(Chen et al., 1982a) may result from a potentiation of
the renal vasoconstriction caused by endogenous
PGF,.

In recent years the heterogeneity of responses in
different blood vessels has been noted. For example,
veins from different locations and of different sizes
were found to have different innervation patterns
and sensitivity to NA.Bevan et al. (1974) interpreted
these differences as reflecting different functional
requirements. Recently we demonstrated that ex-
trapulmonary and intrapulmonary arteries of the
rabbit have different responses (Altiere er al,
1983b). Even in the same rabbit ear artery, the
density of innervation in the proximal region is about
twice that in the distal region, and the former also
responded more quickly than the latter (Griffith er
al., 1982). However, the qualitative difference we
observed in the effects of ginsenosides on different
blood vessels has not been described previously. It is
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